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The explanation of the causes of pore formation in deposits
is one of the most important problems in the electrolytic deposition
of metals. Usually the term "pores" refers to macro =-- and micro --
canals running from the surface of the deposit to the basic metal
of the cathode. 1In metal deposits obtained by elcctrolytic methods
the pores may be of vastly different sizes. This fact greatly hin-
ders the determination of their number and size. One may either de-
tect or not detect porcs in the same plantin:, depending on the con- i
ditions and the duration of the tests. Consequently a deposit may
appear non-porous when specimens, covered by a protective plate of
a ziven thickness, are tested in liquid media, and porous, when
tested in an atmosphere of active gases. Thus, evaluation of the

porosity of a deposit is relative.

One may divide pores arbitrarily into two groups according ‘ {

to their size: !

(1) Large porcs forming mainly as a result of the hetero= - - =~ swe
geneity of the electrode swface. This heterogeneity may be caused
by various types of inclusions =-- non-metallic, heterogeneous metals,

oxides, surface tension lowering substances, ctce

(2) Small pores formed by the structure of the electrolytic i

deposit (shape, size and distribution of the crystals), which depends
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] on the electrolysis conditions.

The difficulty in studying the porosity of electrolytic depo=
sits is basically connected with the absence of a precise quantita- Q
tive method of discovering poresS. Applying the quantitative method
to the study of porosity is complicated by the fact that pores can

be of most varied shapes and sizes.

There are relatively few works dealing with the study of poro-
sity and generally they are only incidental to the study of various i

individual problems of the electrolytic deposition of metals.

This work deals with the influvence of certain factors on the

porosity of electrolytic deposits of nickele

TYPLEIMENTAL PART

The electrolytic deposition of nickel was mainly conducted
in a bath of the Lollowing composition (in grems per liter:) NiSOje
THO == 1663 HyB03 -~ 303 Neps0)e 1OHN0 -- 505 Mgo0pe THoO == 20,

and Nacl == 2.

The elecbrolysis was conducted in closed glass containers.
The volumes of the electrolyte was 0.5 liters. Chemically pure ni=
ckel served as the anode, while iron plates with a surface of 2
square centimebers served as the catode. The experiments were car-
ried out at a temperature of 17 == 20 degrees centigrade.

PR

Method of hxposing Pores

The commonly employed reagent with potassium ferrocyanide of i

the followin: composition (in grams per Titer)s KyFe (CN)g == 10,

and Nacl == 20, was used for exposing pores on an elecbrolytic

Decl ey R _ Froy /
classified in Part - Sanitized Copy Approved for Release 2012/03/26 : CIA-RDP82-00039R00020140010 4



i
i
i
i

Declassified in Part - Sanitized Copy Approved for Release 2012/03/26 : CIA-ﬁDP82-OCO39ROOOZOO140010-4

deposit of nickel on iron specimense

In this method, the reagent penetrates through the pores of
the plating to the basic metal and reacts with it: the products
of this reaction (Turnbull's salt) come back through the pores, and
form blue spots on the surface. It is assuQed that the number of

pores is equal to the number of blue spots.
In the present work the porosity was determined as follows.

The specimens being tested was immersed for two minutes in a
solution of reagent with potassium ferrocyanide as indicated above,
after which it was washed in distilled water and dried with filter
paper. The number of pores was counted under a microscope having &
50 fold magnification. In order to facilitate counting the total
numoer of pores the surface of the specimen was divided into separate
square sections. This made possible an accurate count. Counting the
pores under the microscope allowed exposure of a large number of

small pores which could not be seen.with the naked eye.

Effect of the Lining and Preliminary Processing on Porosity.
2 \

Preliminary conditioning of the cathode surface was a sub-

stactisl effect on the porosity of the electrolytic deposit (1=-3)s

We studied the effect of various kinds of preliminsry processing of

celegtrolytic deposits of nickel,

the porosity ofl tl

the cathode

-"-

The deposits obtained on a cathode previously polished by emery paper
of various grades produce a different number of porege The rougher
the finish of the electrode surfuce, the lerger the number of pores
in the deposit. The number of pores in the deposit decreases as the

surlace of the cathode ilg smoothed oute
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After mechenical brocessing with EMery paper No 120, the

Specimens were subjected to various cheniical treatments: degreasing

in a 10 percent solution of NaOH, electrochemical degreasing in a
10 percent solution of NaOH, degreasing in a 20 percent solution of

Na2003 at a temperature of &0 degrees centigrade, mechanical Trubbing

of wet specimen with sodium cerbonate ang subsequent, cleansing in
acid solutions,
The best resultg were obtained aftep rubbing wet Specimens

with sodium carbonate, Apparently, in this case,

geneous particles which cling to the surface after mechanical pro-

cessing, are eliminated more effective]y, Consequently, the number

of pores diminished sharply.

On the basis of the experiments which determined the effect,

of previous treatment on the number or pores in the electrolytic

deposit "Standapgh conditions were chosen for the prepsration of

the cathode. These censisted of the following: the specimens

were polished with No 120 CMEry paper, washed with water, depreaseq
by rubbing with sodium carbonate to complete wethess and were re~

vashed with distilleq water, The depos

tion of nickel was effected
O gpecimens thus prepared. As was indicated above, if the metal

to be plated ig heteroganaoua, ive., containg variouavir~l=~“TﬁE,"’

=TT

then the number of pores in the deposit jroys sharply., rop example,

nen=metallic inclusions which appesr on the surluce of" the cathode

as the result of {tg techand.eyl, treatment, heterogeneous metals (adw

glon lowerine Sube
(=]

stances remaining after g faulty degreasing ol the electrodc, scules,

etey, lead to the Tormation or porous depositg,
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Of all the impurities, metallic impurities with a lowered hy=
drogen supertension produce the sharpest effect on porosity. In the
electbrolybic process the sections of the cathode with a lowered hy-
drogen supertension are at the same time the sections with an in-
creased supertension for the deposited metal [hl. Therefore en inten-
sive liberation of hydrogen occurs in these sections and the deposi-
tion of metal is sharply hindered. The intensive liberation of hy-
drogen in these sections of the cathode leads bo the formabion of
crater-like depressions in the center of which are canals running

to the basic metal. The constant flow of hydrogen bubbles leaves

noticeable trace in the form of a groove in the surfacc of the cathode.

oss section of the specimen 18 made at the pointe where
such 2z crater-like depression Was formed, end if 2 metallographic
microsection 1is prepared it becomes evidenl phat the large pores in
the deposit are acbually formed directly at the occlusion pointe.

Next Lo the large pore meny smaller ones are formede

Tt must be noted that pores may form not only in the sections
with a lowered hydrogen supertension, tut also in the sections that

were poorly depreased ond in poor conbach witl the electrolyte.

In a number of works [5] it was shown that the firmness of

e e’

adhesion and the size of the hydrogen publles at the momexnt, .of. thelir

liberation are relsted to the ratio, of the supface tension on ‘the

border solution == gas, sekubion -- mebal and mebal == gas, . €o
are related to the marginal angles The marginal angle changes sharply
in relation to the presence of surface tension 1lowering substances

in the electrolyte.

Tn the absence of impurities the value of the marginal angle
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is related to the potential of the electrode. With a change in po=-

larization the marginal angle curve ( Q& ) -~ electrode potential

( ﬁﬂ ) passes through a maximum [6].

Thus the durdtion of the bubbles will change both with the
change in concentration of the surface tension lowering substances

and with the change of current density on the cathode. Om the

sections of the cathode where the zdnesion of the hydrogen bubbles
occurs, the deposition of the metal is hindered Tor a prolonged

time [7], and as a result pores are formed.

Effect of the Plating Thickness on Porosity

It is obvious that, given an equal quantity of deposited metal,
the degree of fillinz of the electrode surface with crystals will vary
in relation to the sise of the crystals. If the crystals are large,
only a small portion of the electrode surfzce will be covered by a
deposit, while with an equal quantity of deposited metal with minute

crystals, the whole surface will be everly covered by the deposit,

In order to cover the whole surface of the cathode with the
depositing metal (large size crystals) to obtain a non--porous deposit
it will be necessary to obtajn fromw the electrolyte a congiderably
larger amount of metal than in the case of minute crystal deposition.

there must be a certain

Thus, for every given size of the crys 2
minimun quantily of metel which £ills the whole surface. Such a

quantify may be called "eriticall. Since the average thicknegesf-« -
-
-
the deposit is proportional to the quantity. ei 4418° Tetal deposited
on the cathode, the'criticall thickness'guaranteeing non~porosity

will vary in relation to the sive oif' the crystals,
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Consequently, with an increase in crystal size, the minimum
thicknesses necessary for obtaining a non-porous deposit, must be

increased.

It a curve is drawn of the ratio between the number of pores
and the thickness of the plating for the various sizes of crystals,
this curve will have a sharp bend in the case of orieﬁted and tightly
adhering crystals. This bend will indicate ¢ complete covering of

a piven surface by crystals and the formation of a non-porous plating.

In order to obbtain a non-porous deposit with low plating
thicknesses it is necessary to choose electrolytic conditions under

which reguler, compact deposits with minute crystals are obtained.

Under practical electrolytic conditions, more often than not,
the crystals are arranged in a disorderly fashion and it is natural
that the relation between the size of the crystal and the minimum
thickness will be more complicated and the bend of the curve (number
of pores -~ deposit thickness) will be more obtuse. In the case of
disorderly arranged crystals, the minimum thicknesses guaranteeing
a non-porous plating will be considerably higher than in the case

of crystals tightly placed one next to the others
[See Figure 1 on next pagel

Figure 1 shows the results of studies of the relation between
porosity and the thickness ol nickel plating (5 -- 55 .)._(The elec~
frolybic deposition of nickel was made on iron specimens treated
under normal experimentel conditions in solutions as indicated above,
with a current density of 2 A/dme and a temperature of 17=20 degrees

cenbigrade, To draw the porosity -- platin: thickness curve the

i
|
i
i
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Tigure 1

Relation between the number of pores and the thickness of the

A - Number of pores; B - Thickness of plating (in /4 ).

nickel plating.

Tpure 2

. s e ine
Reletions between the number of pore: forming in a nickel plating

and the current density on the cathode. A = Number of poresj B - Cur=-

rent density (in mmperes/decimeter).
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average plating thickness were used which were calculated from the H
total increase in weight in relation to the total surface of the i
electrode. From Figure 2 it is evident that with an increase of

thickness, the number of pores decreases sharply up to a thickness | .;
of l5——l7fL , after which the curve bends. The number of pores ' o
changes little with a subsequent increase of thickness. (While

sbudying the relation between theé number of pores and the thickness

of the nickel deposition specimens of different types of iron, the

absolute values of the number of pores vary somewhat. However, the i

ratio remains the same.) !

It is impossible to obtain an entirely non-porous deposit
by increasing the thickness as high as 55 /% . In sector I-II a
large number of pores is caused by the fact that the thickness of
the pleting does not reach the Ycritical" value while sector II-TIT
the presence of the pores in the deposit is caused by the hetero-

geneity of the basic netal of the cathode.

Figure 3

Output of current during deposition of nickel from & solution

without admixtures, in relation to the current density. A - Output
of current in (percentage); B « Current densily in (amperes per syusre

decimeter).
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o 0.5 1 2 3 L5
Tigure L

Relation between the number of pores formed in a nickel deposit
and the current density of the cathode for vsrious admixtures of
surfaces tension lowering substances. A - Number of pores; B~ current
density (in amperes/square decimeter). Admixtures to the electrolytle
with the composition mentioned sbove: L - 0.15 g/1 of cresylic acid;
2 -8 cm}/l of formaldehyde; 3 = 8 cm3/3. of acetone; L - No admiztures;
g -3 g/l of 2 6 -- and 2,7 -- disulfononaphtalinic acid (the com=
position of the electrolyte in this experiment, in g/l, was! NiSQ), e
THpO =-- 210; H3BO3 -- NaCl == 3; NaF -- 6. This composition was Sug=

gested by Kudryavbsev [101.)

nffect of Current Density on the Porosity of an hlectrolytic N ickel

Figure 2 shows the curve of the relation between the number
of pores rorming in a nickel plating and the current density. The
deposits were obtained on iron specimens processed under normal con-
ditions. The plabing thickness was 17==20 /u' .(A change of thick-
ness between' 17 and 20 /LL (Figure 1) is hardly reflected in the

number of pores.

- 10 =
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As is evident from Figure 2, in relation to the current den-
i ; sity, the number of pores passes through a minimume The lowest |

number of pores (with the composition and temperature of the electrow«

lyte indicated above) occurs with a current density of 2 amperes/ i
square decimeter, The passage through the ﬁinjmum of the relation i '
between the number of pores in the deposit and the density of the

current may be presented in the following manner.

A compact and uniform metal deposit is obtained within definite
intervals of current densities. The large number of pores, which oc-
curs in the electrolytic deposit of nickel with low current densities,

may be caused by the following:

(1) If the deposition speed of the nickel crystals is lower
than the passivation speed, then the growing crystals are rapidly

passivated, their growth stops [8], the cohesion between the crystals

is5 lowered, and the deposit comes out not compact and porouss. i :
(2) With low current densities the deposition of the metal i ]

occurs mainly on the most active sections of the surface because of

a comparatively low polarization of the cithodes Consequently, the 4 ]
deposition of the metal occurs mainly on the most active sections i e
of the surface bccause of a comparatively low polarization of the ﬁ

cathode.

As a result of this the deposition of metal does not oceur ;
uniformly, but rather on separate sections of the cathode surface.
With an increase of the current density, the deposition of metal
occurs on less active sections as well [9J. With certain values of
current density the deposit bucomes more compact and unjform, and i

consequently the number of pores is &t the minimunm, i

w ]l -
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With a further increase of current density the number of

pores in the deposit 1s increased by an intensive separation of

hydrogen. This was comtrolled by means of the yield of nickel

from the current. (Figure 3).

Effect of Surface Tensiog_Lowering Substances on the Porosity of the

Rlectrolytic Deposits qu@}gggl

The effect of various surface tension Jowering substances on

the porosity of the nickel deposit (acebone, formaldehyde, n == cr

ic acid, 2, 6 -- end 2, T == disulfononaphtalinic acid and others).

The results of the studies on the relation between the number

of pores and the current, density with various admixtures 1s presented

in Figure L.

Ac we see from Figure Ly, the number of pores in relation to

the current density passes through a mininum in the presence of
organic admixtures of surface tension lowering substances. The min-

imum porosity with such admixtures as acetone, formaldehyde, 2, 6 --
and 2, T == disulfononaphtalinic acid swings in the direction of

lower current densities as compared with the minimum on the porosity

curve for pure electrolyte.
From Figure it is evident that the minimum number of pores

2l [rom a

. in.a deposid-sccurs duzdng electrolytic deposition vf nd

solubion with an admixture of 2,6 == and 2,7 == disulfononsphtalinic

acid, sugrested by Kudryavisev.
The shifting of the minimum on the curve qumber of' pores ==
current deneity"™ when surface tension Lowering substances

into the elecbrolybe as comper

-2 -
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is caused by the fact that after the admixtures are introduced into
the electrolyte, a compact and uniform deposit 1s obtained only

with lower current densities. Loshkarev and his collavorators showed
that when surface tension lowering substances are introduced into

the electrolyte the current densities necessary for compact and uni-

form deposits eare lowered.

Thus, the shifting of the minimum on the curve "muber of’
pores -- current density" in the direction of low current densities
is caused by the fact that only with low current density values can

compact and uniform deposits be obtained.

The increzse of the number of pores in relation to current
density in the presence of certain sdmixtures (formaldehyde, acetone)
is caused by the fact that these admixbures are intensively reduced
on the sepzrale sections of the cathode surface, provoking the forma-

»en when it se-

tion of pores with an action similar to that of hydr

parates intensively on the cathiodeo

CONCLUSIONS

(1) It has been established that the number ol pores in an

Lelectzalybic deposilt of nickel sharply diminishes with an incresse

C
2P St e

S e G )

in thickness up to a definite point. With subsequent increase in

thickness there is little change in the number of porce. ..

(2) 1t has been shown that the curve, 'number of pores =-
current density', passes through a minimum.

(3) It has been established that in relstion to bhe admi. -
pures of surface bension substances employed, bhe number ol pores

may either increase or decrease as compared Lo the electrolyte without
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any mixture.
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